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TITLE OF THE INVENTION 

IMAGE FORMING APPARATUS HAVING VENTILATING DEVICE 



5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an image forming 
apparatus, such as a copying machine, a facsimile, a printer, 
a multifunctional image forming apparatus having a plurality 
l? of ima 9 e forming functions, and other similar devices, and 
O more particularly to the image forming apparatus having a 
jf: ventilating device that can effectively cool heated components 
J~ and remove ozone produced in the apparatus. 

15 Discussion of the Background 

In a writing device to be used in an image forming 
;M= apparatus, beam light such as laser beam light is emitted from 
g a light source based on a signal of a read image. The laser 
ill beam light is deflected by a polygon mirror. The deflected 
2 0 light is then led to a surface of an image bearing member 
through an f d lens and a mirror to form an image on the 
surface thereof . 

A scanning optical component in the writing device, such 
as the f 0 lens and mirror are formed of a plastic or a glass. 
25 Because of a growing request for a cost reduction and with the 
development of processing techniques, an increased number of 
components formed of a plastic are used in recent years. 

However, the components formed of a plastic expand and 
become deformed according to a rise in a surrounding 
30 temperature, which may generate an image distortion. 
Recently, a risk of the generation of the image distortion is 
increased because the temperature in the apparatus tends to 
increase quickly due to a higher rotating speed of the polygon 
mirror and an increased heating value of a fixing device. 
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In addition, a housing made of an aluminum die casting, 
which has a high thermal conductivity, is frequently employed 
for the writing device to assure accuracy, high rigidness, and 
resistance to vibration. Thus, heat from a heat source is well 
5 conducted to the scanning optical system. 

In Japanese Patent Laid-Open Publication No. 5-5851 and 
Japanese Utility Model Laid-Open Publication No. 3-54913, an 
image forming apparatus is discussed in which ventilation of a 
surrounding of a writing device is improved to suppress an 
10 increase in a temperature, thereby preventing an occurrence of 
an image degeneration. 

However, in the above -described image forming apparatus, 
jp great attention is paid to cooling the polygon mirror. A 
principal objective is to protect the polygon mirror itself. 
IIS Thus, when scanning optical components, such as the f 6 lens 
s " and mirror are formed of a plastic, a thermal expansion of 
j=f these components is not sufficiently suppressed. 

q SUMMARY OF THE INVENTION 

2"i The present invention has been made in view of the above- 

mentioned and other problems and addresses the above-discussed 
and other problems . 

The present invention advantageously provides a novel 
image forming apparatus having a ventilating device for 

25 effectively cooling a writing device to prevent scanning 
optical components disposed in the writing device from being 
excessively heated, thereby preventing a thermal expansion of 
the components in the writing device. Thus, a generation of 
an image distortion and an occurrence of image degeneration 

3 0 are prevented. In addition, an airflow that cooled the 
components removes ozone produced in the apparatus. According 
to an example of the present invention, the image forming 
apparatus includes a writing device . Upper and lower ducts 
are provided to the writing device having a housing 
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therebetween to form an outside-air flowing path on and 
beneath the writing device. Outside-air intaken by an air 
intake fan flows through the upper and lower ducts separately. 
Scanning optical components, such as an f 0 lens, and a mirror 
5 formed of a plastic are disposed in the writing device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete appreciation of the present invention and 
many of the attendant advantages thereof will be readily 
10 obtained as the same becomes better understood by reference to 
|^ the following detailed description when considered in 
g connection with the accompanying drawings, wherein: 
+ Fi 9- 1 is a schematic drawing illustrating a construction 

y, of a laser copier according to the present invention; 

Fig. 2 is a drawing illustrating an exploded view of a 
=^ writing device and surrounding components used in the laser 
n copier; 

Fig. 3 is a drawing illustrating a perspective view of 

p the writing device and surrounding components that are 

HI 

20 assembled; 

Fig. 4 is a drawing illustrating a front view of the 
assembled writing device and surrounding components; 

Fig. 5 is a drawing illustrating a fragmentary enlarged 
view of a sheet discharging path; 
25 Fig. 6 is a drawing illustrating a perspective view of 

another example of an assembled writing device and surrounding 
components; 

Fig. 7 is a drawing illustrating a perspective view of 
another example of an assembled writing device and surrounding 
3 0 components; 

Fig. 8 is a drawing illustrating a plan view of another 
example of an assembled writing device and surrounding 
components; and 
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Fig. 9 is a drawing illustrating a plan view of another 
example of an assembled writing device and surrounding 
components . 

- 5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the drawings, wherein like reference 
numerals designate identical or corresponding parts throughout 
the several views, an example of the present invention is 
described below. Fig. 1 is a schematic drawing illustrating a 
10 construction of a laser copier that includes a ventilating 
M, device according to the present invention. 

Reference numeral 10 denotes a main body of a copier. In 
f the main body of the copier 10, a drum-shaped image bearing 
|T member 11 (i.e., photoconductive element) is provided. Around 
1=1 the image bearing member 11, a charging device 12, a 
developing device 13, a transfer/ conveying device 14, a 
j=f cleaning device 15, and so forth are arranged. 

H A writing device 16 is provided above the above-described 

O components. The writing device 16 includes scanning optical 
28 components, such as a light source 40 (e.g., a laser diode), a 
polygon mirror 41, a polygon motor 42, an f 0 lens 43, and a 
mirror 44. For example, the f0 lens 43 is formed of 
polycarbonate . 

A fixing device 17 is provided on the left side of the 
25 cleaning device 15 in Fig. 1. The fixing device 17 includes a 
fixing roller 18 that includes a heater disposed inside, and a 
pressure roller 19 that press-contacts with the fixing roller 
18 from a downward direction of the fixing roller 18. 

In an upper portion of the main body of the copier 10, an 
3 0 original document reading device 2 0 is provided. The original 
document reading device 2 0 includes a light source "a", a 
plurality of mirrors "b", an imaging lens "c" , and an image 
sensor "d" such as a CCD. 
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In a lower portion of the main body of copier 10, a 
duplex unit 22, and sheet feeding cassettes 23 (which are 
vertically arranged) are provided. A sheet conveying path is 
provided to each of the duplex unit 22 and sheet feeding 
5 cassettes 23 such that a transfer sheet is conveyed to a sheet 
feeding path 24 that is extended to the image bearing member 
11. When the transfer sheet is conveyed to the duplex unit 22, 
the transfer sheet discharged from the fixing device 17 is 
conveyed to a sheet reversing path 2 6 that branches out from a 
10 sheet discharging path 25. 

Li A platen 2 7 is arranged on an upper surface of the main 

body of copier 10. An automatic document feeding device 28 is 
£ provided on the main body of copier 10 such that it covers the 
r: platen 27. The automatic document feeding device 28 may be 
i§ opened/closed with respect to the main body of copier 10. 

A manual transfer sheet feeding device 29 is provided to 
|: the right side of the main body of copier 10. A transfer 
H sheet supplied from the manual transfer sheet feeding device 
p 2 9 is conveyed to the sheet feeding path 24. The manual sheet 
2B feeding device 2 9 can be opened/closed with respect to the 
main body of copier 10. A sorter 30 is installed to the left 
side of the main body of copier 10 to receive a transfer sheet 
discharged through the sheet discharging path 25. The main 
body of copier 10 is placed on a sheet feeding table 31. In 
25 the sheet feeding table 31, the sheet feeding cassettes 23 are 
vertically arranged. 

When a printing operation is performed with this laser 
copier, an original document is placed on the automatic 
document feeding device 2 8 or the original document is 
3 0 manually placed directly on the platen 2 7 while opening the 
automatic document feeding device 28. Then, when a start 
button (not shown) is pressed to activate the automatic 
document feeding device 28, the original document is conveyed 
onto the platen 2 7 where an image of the original document is 
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read pixel by pixel by the original document reading device 
20. When the original document is manually placed directly on 
the platen 27, the image of the original document is read by 
the original document reading device 2 0 in the manner similar 
5 to that when the original document is fed by the automatic 
document feeding device 28. 

A sheet feeding roller 33 rotates to feed a transfer 
sheet from one of the corresponding sheet feeding cassettes 23 
arranged vertically in the sheet feeding table 31. The 
10 transfer sheet is conveyed to the sheet feeding path 24. The 
^ transfer sheet is then conveyed by a sheet feeding roller 34 
□ to a registration roller 35. The registration roller 35 

a 

rotates and conveys the transfer sheet to the image bearing 
j= member 11 with a timing in synchronization with a rotation of 
lp the image bearing member 11. 

The transfer sheet may be supplied from the manual 
jJ transfer sheet feeding device 29. The transfer sheet placed 
H on the opened manual transfer sheet feeding device 2 9 is 
g conveyed to the sheet feeding path 24 by a rotation of a sheet 
M feeding roller 36. The transfer sheet is then conveyed to the 
image bearing member 11 in the manner similar to that 
described above . 

When the start button (not shown) is pressed, the image 
bearing member 11 starts rotating in a clockwise direction in 
25 Fig. 1. The charging device 12 uniformly charges a surface of 
the image bearing member 11 at the same time when the image 
bearing member 11 starts rotating. The writing device 16 
emits a laser beam L modulated according to image data 
generated by the original document reading device 2 0 so as to 
30 expose the surface of the image bearing member 11. Thus, an 
electrostatic latent image is formed on the surface of the 
image bearing member 11 which is then developed into a visible 
image with toner by the developing device 13 . 
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The visible image is then transferred onto a transfer 
sheet, which is conveyed to the image bearing member 11 by the 
transfer/conveying device 14 . Residual toner remaining on the 
surface of the image bearing member 11 is removed by the 
5 cleaning device 15 to clean the surface of the image bearing 
member 11 for the following image forming operation. 

The transfer sheet having the transferred visible image 
is conveyed to the fixing device 17 by the transfer/conveying 
device 14. The fixing device 17 fixes the visible image onto 
10 the transfer sheet while heat and pressure are applied by the 
H= fixing roller 18 and pressure roller 19. The transfer sheet 
p is conveyed to the sorter 3 0 through the sheet discharging 
3! path 25 such that the transfer sheet is discharged while being 
1=4 sorted. 

i| When an image is recorded on both surfaces of a transfer 

L sheet, the transfer sheet is conveyed to the sheet reversing 
H path 26 from the sheet discharging path 25. The transfer 
[T sheet is then conveyed to the duplex unit 22 in which the 
£3 transfer sheet is reversed and conveyed to the sheet feeding 
20 path 24 . An image formed on the surface of the image bearing 
member 11 is transferred onto a back surface of the transfer 
sheet by the transfer/conveying device 14 . The image 

transferred on the back surface of the transfer sheet is then 
fixed by the fixing device 17. Hence, the transfer sheet is 
25 discharged to the sorter 30. 

Fig. 2 is a drawing illustrating an exploded view of the 
writing device 16 and surrounding components. Fig. 3 is a 
drawing illustrating a perspective view of the writing device 
16 and surrounding components that are assembled. Fig. 4 is a 
3 0 drawing illustrating a front view of the assembled writing 
device 16 and surrounding components. 

The writing device 16 includes a housing 46 made of an 
aluminum die casting with an upper side open. The housing 46 
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includes the polygon mirror 41, the polygon motor 42, the f 6 
lens 43, the mirror 44, and the light source 40. 

The housing 46 is fixed to frames 47 and 48 by screws. 
The frames 47 and 48 are provided in parallel to side plates 
5 (not shown), which are disposed inside the apparatus. 

An upper duct 50 and a lower duct 52 are provided to the 
writing device 16 having the housing 46 therebetween such that 
the upper duct 50 covers a whole upper part of the housing 46 
and the lower duct 52 covers a whole lower part of the housing 
10 46. With this arrangement, an outside-air flowing path R is 
formed above and underneath the housing 46. The upper and 
□ lower ducts 5 0 and 52 may be formed of polystyrene, 
J polycarbonate or other appropriate materials. 

j y The upper duct 50 includes a connection opening 54 

If arranged in a side direction, an air outlet 55 arranged in an 
J upward direction, and a large opening on its lower surface 
O (not shown) . The upper duct 5 0 is brought into intimate 
contact with a bottom surface of a scanner frame 56 of the 
Jf original document reading device 2 0 while sealing a 
%Q circumference of the large opening with a sponge, for example. 
The upper duct 50 is fixed to the scanner frame 56 by screws 
such that the large opening of the upper duct 50 is covered by 
the scanner frame 56. Thus, air flowing in the duct does not 
leak out of the large opening. 
25 Th e scanner frame 5 6 is supported by a frame (not shown) 

in the main body of copier 10. In the scanner frame 56, the 
light source "a", the plurality of mirrors "b" , the imaging 
lens "c", and the image sensor "d" such as a CCD are arranged. 
The scanner frame 56 covers the open upper side of the housing 
30 46. 

A side hole 57 is arranged in the scanner frame 56 at a 
position corresponding to the connection opening 54 of the 
upper duct 50. An upper fan connection opening 59 of an air 
blowing device, for example, a fan unit 58 is connected to the 
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upper connection opening 54 of the upper duct 5 0 through the 
side hole 57 while sealing the upper connection opening 59 
with a sealing member. The fan unit 58 includes an air intake 
fan 60, and upper and lower fan connection openings 59 and 61. 
The fan unit 58 is supported by a frame (not shown) provided 
in the main body of copier 10. 

The lower duct 52 includes a lower connection opening 64 
arranged in a side direction, an air outlet 65 arranged in a 
downward direction, a large opening 66 on an upper surface 
thereof. The lower duct 52 is brought into intimate contact 
with a bottom surface of the housing 46 while sealing a 
circumference of the opening 66 with a sponge, for example. 
The lower duct 52 is fixed to the frame 4 7 which supports the 
housing 46, and a frame 67 by screws such that the opening 66 
is covered by the housing 46. Thus, air flowing in the duct 
does not leak out of the opening 66. 

The lower fan connection opening 61 of the fan unit 58 is 
connected to the lower connection opening 64 of the lower duct 
52 while sealing the lower fan connection opening 61. 

When the main body of copier 10 start operating, the air 
intake fan 6 0 starts operating to take outside-air into the 
main body of copier 10. The outside-air intaken by the single 
air intake fan 6 0 flows into the upper and lower ducts 50 and 
52, separately. The outside -air is then discharged out of the 
main body of copier 10 through the air outlets 55 and 65. 

As a result, the outside-air flowing through the outside- 
air flowing path R absorbs heat generated in the writing 
device 16 and cools two sides of the writing device 16, 
thereby preventing a thermal expansion of the components 
arranged in the writing device 16. Thus, an occurrence of an 
image distortion and image degeneration is prevented. 
According to the example of the present invention, the 
outside-air flowing through the upper duct 50 directly cools 
the scanner frame 56 through the opening. The outside-air 
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flowing through the lower duct 52 directly cools the housing 
46 through the opening 66. Thus, a cooling efficiency of the 
upper and lower ducts 50 and 52 is increased, resulting in a 
greater cooling efficiency. 
5 The outside-air that is discharged from the air outlet 55 

of the upper duct 50 may then cool a lamp regulator 68 (i.e., 
a regulator for the light source "a") illustrated in Fig. 4. 
Then, the outside-air is discharged out of the main body of 
copier 10. 

10 The outside-air discharged from the air outlet 65 of the 

5~ lower duct 52 flows into the sheet discharging path 25 and to 

u 

Q a photointerrupter 70 illustrated in Fig. 5 so as to cool the 
sheet discharging path 25 and photointerrupter 70. Reference 
•H numeral 69 in Fig. 5 denotes a pair of sheet conveying 
£§ rollers. 

As described above, when outside-air that flowed through 
M= one of or both of the upper and lower ducts 50 and 52 is also 
U used to cool components other than the writing device 16 in 
!r: tne main body of copier 10, a cooling operation of the main 
2 0 body of copier 10 is effectively performed without increasing 

the number of fans . 

The temperature of intaken outside-air that cools the 

writing device 16 increases to a range of about 4 0°C to about 

50°C higher than a temperature of outside-air. However, a 
25 sufficient cooling effect is produced because a temperature of 

the lamp regulator 68 and photointerrupter 70 is increased to 

approximately 80°C. 

The outside-air that cooled the writing device 16 may be 

used to cool an electric component or unit, such as the fixing 
30 device 17 and the duplex unit 22, which are heated to a 

temperature higher than that of the outside-air that flowed 

through the upper and lower ducts 50 and 52, without limiting 

cooling of the above-described lamp regulator 68 and 

photointerrupter 70. 



10 



In addition, the outside-air that flows through one of or 
both of the upper and lower ducts 50 and 52 may be used to 
remove ozone produced, for example, by the charger 12 and 
transf er/conveying device 14. 

With this arrangement, the outside-air that cooled the 
writing device 16 is effectively used for a purpose other than 
a cooling without increasing the number of fan. 

According to the example of the present invention, the 
writing device 16 includes scanning optical components formed 
of a plastic, such as the f 0 lens 43 and mirror 44. Because 
outside-air that flows through the outside-air flowing path R 
minimizes an increase of a temperature of the scanning optical 
components, scanning optical components formed of a plastic 
are employed as an alternative to components formed of a glass 
(often at a higher cost than plastic) , resulting in a 
reduction in costs of the writing device 16. 

In the above-described example, outside-air intaken by 
the single air intake fan 60 flows through the upper and lower 
ducts 50 and 52, thus an expansion of components in the 
writing device 16 is effectively minimized and may be 
suppressed employing the single air intake fan 6 0 without 
increasing costs. 

As illustrated in Fig. 6, more than one air intake fan 
may be used. Air intake fans 72 and 73, for example, may be 
provided to the upper and lower ducts 50 and 52, respectively. 
It should be appreciated that alternatively or additionally, a 
fan may be provided to an air discharging outlet instead of to 
the air intaking inlet. As illustrated in Fig. 7, the air 
intake fan 60 and an air discharge fan 74 may be provided to 
the upper duct 50. When fans are provided to both the air 
intake inlet and air discharge outlet of one of or both of the 
upper and lower ducts 50 and 52, further cooling may result. 

When a cooling device that covers the whole of the 
writing device 16 is not employed, an upper and lower duct 76 
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may be provided to form the outside-air flowing path R as 
illustrated in Fig. 8. The outside-air flowing path R is 
provided to locally cover upper and lower sides of the housing 
46 at a position corresponding to the f 0 lens 43. Reference 
5 numerals 40, 42, and 6 0 in Fig. 8 represent the light source 
such as a laser diode, polygon motor, and air intake fan, 
respectively. 

It has been confirmed by experiment that a temperature 
around the IB lens 43 is increased to about 48.6°C in the 
10 writing device 16 when the upper and lower duct 76 is not 
I , employed. When the upper and lower duct 76 is provided, the 
O temperature is increased to 42. 5°C, resulting in lowering the 
J= temperature by 6 . 1°C . 

As described above, even when sufficient space is not 
3p available in a layout, a local cooling is performed through 
the housing 46. Thus, an excessive rise of a temperature of 
j=J scanning optical components is minimized or suppressed, 
H thereby effectively preventing a thermal expansion of the 
p components. Hence, a generation of an image distortion and an 
M occurrence of an image degeneration are prevented. Then, the 
scanning optical components formed of a plastic can be 
employed, resulting in a reduction in costs. 

When sufficient space is not available to provide the 
outside-air flowing path R to a position corresponding to the 
25 scanning optical components, the outside-air flowing path R 
formed by a duct 77 may be provided to a position illustrated 
in Fig. 9. In Fig. 9, the duct 77 is provided to upper and 
lower sides of the housing 46 of the writing device 16 at a 
position corresponding to space formed between the f 0 lens 43 
3 0 and the light source 4 0 or the polygon motor 42 so as to form 
the outside-air flowing path R. 

Thus, outside-air flowing through the outside-air flowing 
path R locally cools the writing device 16. Then, a heat 
source, such as the light source 4 0 and polygon motor 4 2 do 
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not have an excessive thermal impact on scanning optical 
components such as the Ed lens 43, thereby an excessive 
temperature rise of the scanning optical components is 
prevented or minimized. A thermal expansion of the scanning 
optical components may be effectively suppressed. Thus, a 
generation of an image distortion and an occurrence of an 
image degeneration are prevented or minimized. Then, the 
scanning optical components formed of a plastic may be 
employed, resulting in a reduction in costs. With this 
arrangement, the scanning optical components are minimally 
affected by a thermal impact of a heat source other than the 
writing device 16, such as the fixing device 17. 

Obviously, numerous additional modifications and 
variations of the present invention are possible in light of 
the above teachings. It is therefore to be understood that 
within the scope of the appended claims, the present invention 
may be practiced otherwise than as specifically described 
herein. 

This document claims priority and contains subject matter 
related to Japanese Patent Application No. 2001-003980, filed 
on January 11, 2001, Japanese Patent Application No. 2 001- 
041112, filed on February 19, 2001, and Japanese Patent 
Application No. 2001-380871, filed on December 14, 2001, and 
the entire contents thereof are herein incorporated by 
reference . 
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